Assessing water quality is important in optimizing water usage. In this study, six water samples were taken from points along the Maroon River in order to evaluate its quality. and C3S2 -i.e., 'Good' or 'Intermediate' -for agricultural purposes. The water quality indices %Na, sodium adsorption ratio (SAR), residual sodium carbonate (RSC), permeability index (PI), magnesium adsorption ratio (MAR) and Kelly's ratio (KR), also indicate that the water is suitable for irrigation. In terms of EC, the water samples are of 'Good' and 'Permissible' quality. Geochemical investigations show that the water chemistry is influenced by evaporation, dissolution of evaporitic minerals, ion exchange and human activities.
INTRODUCTION
Rivers are one of the most important water supply sources for domestic, agricultural and industrial purposes. The quality of surface waters is influenced by natural agencies and anthropogenic sources including evaporation and transpiration, soil moisture, weathering and erosion, land use, agricultural activities and human intervention in the water cycle (Ren et al. 2003) . Water pollution is a major problem arising from industrial and economic growth, so geochemical studies have been done to assess the water quality of several great rivers in the world (Tan et al. 2012) .
The Maroon River is a major water supply source for various purposes. The geological formations in the river's watershed are predominantly limestone and evaporitic sediments (gypsum and anhydrite). These quite highly soluble formations may lower the river's water quality, creating restrictions on water use. Discharges of municipal, industrial and agricultural wastewaters can cause water pollution and restrictions on some water uses in the area. Therefore, evaluating the river's water quality and determining the hydrochemical processes involved seems necessary. Aliyari et al. (2015) studied water quality in the river using the 10-year statistics from Eidenak Station in Kohgiloye-va-Boyrahmad Province. For this work, in order to assess the river's water quality, and control the roles of natural and human factors in water quality changes, water samples were taken at different points along the river in the Behbahan area.
Geological setting
The Maroon River watershed lies in the Kohgiloye-va-Boyrahmad and Khuzestan provinces, Iran. The river comes from the Nile and Sadat mountains in the Zagros Ranges of Kohgiloye-va-Boyrahmad Province, to the north, and flows south to the Shadegan Pond in Khuzestan Province ( Figure 1(a) ; Aliyari et al. 2015) . The watershed is in the southern and southwestern foothills of the Zagros Mountains, between North latitudes 30°39 0 and 31°21 0 and East longitudes 50°05 0 and 51°11 0 .
Precipitation is commonly rain in lowlands with an annual average of 150 mm, and rain and snow in the highlands with an annual average of 900 mm. The study area is in an arid to semi-arid region, having a long hot and dry season lasting from April to October.
Geologically, the watershed is in the Zagros Simply Folded Belt subzone (Alavi 1994) . The geological formations cropping out in the watershed range from Middle Cretaceous to Recent in age. From old to new, the outcrops comprise limestones of the Sarvak Formation, shales, marls and marly limestones of the Gurpi and Pabdeh formations, limestones of the Asmari Formation, anhydrite, gypsum and marl beds of the Gachsaran Formation, limestones and marls of the Mishan Formation, limey sandstones and marls of the Aghajari Formation and Lahbari Member, conglomerates of the Bakhtyari Formation, and recent alluviums (Figure 1(b) ). These lithologies are easily eroded because there is little vegetation and the highland slopes are steep, and because of the presence of evaporitic and marly formations, resulting in the large volumes of river sediment (Aliyari et al. 2015) .
MATERIALS AND METHODS
In order to investigate the water's chemical quality, a total of six samples were taken from 10 to 15 cm below the surface at different points along the river in June 2016 (Figure 1(b) ). They were stored in 250 ml polypropylene bottles that had been rinsed with acid and then water samples, and were stored subsequently at temperatures below 4°C to avoid unpredictable changes in characteristics (APHA 2005) . The sampling points' geographic locations were recorded using a Trimble GeoExplorer 2008 Series GPS apparatus. The values of pH and EC (electrical conductivity) were measured immediately after sampling on site using a Hach-SensION5 conductivity meter (EC meter) and a Jenway pH meter. The nitrate concentration was measured using optical absorption spectroscopy (OAS) within 24 hrs of sampling (Nollet 2007 (Nollet 2007) . Total dissolved solids (TDS) was determined by drying, and the concentrations of K þ and Na þ by flame atomic emission spectrometry (FAES) (Nollet 2007 ).
All analyses were performed in the Laboratory of Arvand Khak Azma (Ahwaz, Iran). The results were interpreted using Piper (1944), Schoeller (1962) and Wilcox (1955) 
RESULTS AND DISCUSSION
Maroon River water quality for drinking purposes
The analytical results from the samples are presented in manganese, strontium and zinc) do not produce lather well. Total hardness (TH) is commonly expressed as mg-CaCO 3 /l and calculated using Equation (1) (Todd 1980) :
(1)
For drinking, soft water is considered harmful because it can cause atherosclerosis. WHO's recommended upper limit for TH is 500 mg/l (2008). TH in the Maroon River samples ranges from 182.9 to 772.6 mg/l (Table 1) , with the higher concentrations which exceed WHO guidelines, in the downstream sector.
A Piper (1944) diagram for the water samples is shown in Figure 2 . The hydrochemical facies of the upstream samples is bicarbonate-calcium. It seems that the dissolution of limestone is the main source of both the calcium and bicarbonate ions. Downstream, the hydrochemical facies is chloride-calcium, possibly revealing halite dissolution along the river (see below). The Schoeller (1962) diagram (Figure 3) shows that water quality upstream is 'Good', while downstream it is 'Permissible' (S5) or 'Intermediate' (S6).
River water quality for agricultural purposes
The potential usability of irrigation water can depend on the presence and concentration of some ions within it. The concentration of dissolved ions in irrigation water affects the physicochemical characteristics of soils and plants (Aliyu et al. 2017) . The Maroon watershed contains evaporitebearing geological sequences -the Gachsaran and Aghajari formations -that are highly susceptible to dissolution and erosion. Dissolution, especially from the Gachsaran Formation, may cause the increases in dissolved mineral content in the river. The sodium content of water is of great importance in irrigation. Destroying soil structure, sodium reduces soil permeability and, after long-term irrigation, it moves to lower soil horizons resulting in soil hardening in the upper horizons, preventing root aeration (Khodapanah et al. 2009 ). %Na is calculated using Equation (2) (Wilcox 1955) . The values calculated for the water samples were between 19.41 and 44.77 (Table 3 ). The samples were thus 'Excellent' for irrigation use (Table 4; Scofield 1936) .
Sodium adsorption ratio
The sodium adsorption ratio (SAR) of irrigating water can be used as a criterion for determining the risks arising from alkaline soil. After equilibration between irrigating water and soil, the SAR of irrigation water can be linked with the dissolved SAR in the soil. High SAR values in irrigation water will lead to reduced soil permeability and, thus, restricted water accessibility to agricultural crops (Singh et al. 2014) . The SAR is calculated using Equation (3) (Karanth 1987) . The SARs for the samples were all in the range 2.39 to 14.25 (Table 3) , making them 'Excellent', 'Good' or 'Permissible' for irrigation (Table 5) . The Wilcox (1955) classification was also used to assess water quality for irrigation. In Figure 4 , the horizontal axis represents EC and the vertical axis SAR. Each sample's coordinates are specified by the letter C with respect to salinity and S regarding SAR. As shown in Figure 4 , the upstream samples are all in C2S1, while S5 and S6 are in C3S3 and C3S2, respectively. The samples thus belong to the 'Good' to 'Intermediate' classes for irrigation (Table 6 ). Residual sodium carbonate
The residual sodium carbonate (RSC) value in irrigation water is used to assess water quality. High bicarbonate concentrations in irrigation water disrupt plant growth through calcium carbonate deposition, decreasing soil permeability and reducing the infiltration rate into the soil (Singh et al. 2014 ). The RSC is calculated using Equation (4), in which the ionic concentrations are in meq/l (Eaton 1950) . The RSC values in the samples ranged from À0.85 to À12.99 meq/l (Table 3) showing that water is suitable for irrigation (Table 7) .
Permeability index
Soil permeability is reduced by prolonged irrigation due to the precipitation of HCO 3 À , Mg 2þ , Ca 2þ , and Na þ compounds. The permeability index (PI) is a good evaluation criterion and is calculated using Equation (5) (Subramani et al. 2005) . Samples S2 and S3 had the lowest PI values 2.24 and 2.39, while S5 had the highest (5.17, Table 3 ). On this basis, all samples are acceptable for irrigation (Table 8 ). The Doneen diagram (1964 -see Figure 5 ) also indicates that all samples fall in Class 1 and are good for irrigation. 
Magnesium adsorption ratio
High magnesium concentrations can have negative effects on soil quality, because the soil becomes alkaline and agricultural yield is reduced (Kumar et al. 2007) . Magnesium adsorption ratios (MARs) exceeding 50% can cause problems. The MAR is calculated using Equation (6) (Paliwal 1972) . The MARs calculated were all in the range 12 to 38% (Table 3 ) -i.e., all are suitable for irrigation (Table 9) .
Kelly's ratio
The water quality in the Maroon River was also assessed using Kelly's ratio (KR), calculated according to Equation (7) (Kelly 1940) . If the KR value exceeds 1, the sodium concentration is too high, while (Table 10) .
Source of dissolved minerals in water
The compositional relationships between solutes in water can indicate their sources and the processes that produced them ( Jalali 2010 are related not only to the weathering of carbonate rocks but also other processes such as reverse ion exchange (Singh et al. 2014; Ehya & Marbouti 2016) . Some data points fall below the equiline (Figure 6(b) ), indicating that the weathering of pure carbonates alone cannot explain the chemical composition of the river water. On this basis, it appears that the calcium and magnesium in the river water derive largely from evaporite weathering (Guilin & Congqiang 2001 (Figure 6(c) ) shows high correlation between the two factors, so it is thought that sulfate-mineral weathering is the main factor controlling the concentrations of Ca 2þ , Mg 2þ and SO 4 2À in the river (Guilin & Congqiang 2001) . Parallel enrichment of Na þ and Cl À ions indicates the dissolution of chloride salts or their re-concentration by evaporation (Guilin & Congqiang 2001) . In the Na þ versus Cl À diagram (Figure 6(d) ), the data points show very high positive correlation (r 2 ¼ 1), revealing the importance of evaporite weathering. The high concentrations of sodium and chlorine arise most probably from halite dissolution, whose source in the area is the evaporite beds of the Gachsaran and Aghajari formations. The bicarbonate concentration in the samples ranged from 146.4 to 214.72 mg/l, which is attributable to the abundant marls and limestones in the area. The bicarbonate concentration increased significantly downstream (Table 1 ). This could be due to the discharge of urban wastewater, rich in organic matter, into this part of the river, because carbon dioxide from decomposing organic matter generates bicarbonate ions. The dispersion of data points in the HCO 3 À versus TZ þ plot (Figure 7 (a)) represents the effect of human activities (Rao & Rao 2009 ). There are a number of data points near the equiline, indicating the weathering of carbonate rocks. The data points above the equiline and close to the bicarbonate axis, however, show that the water chemistry in the area is influenced by human activities (Avtar et al. 2013) . The high correlation between the (Na
and TZ þ values indicates the weathering effect of clay minerals in geochemical processes, leading mainly to the entry of sodium and potassium ions into water ( Figure 7 (b); Stallard & Edmond 1983; Sarin et al. 1989) . Water Practice & Technology Vol 12 No 4 828 doi: 10.2166 /wpt.2017 High nitrate concentrations in waters can have adverse effects on human health, if they are used for drinking. The main sources of nitrate include chemical fertilizers, animal or human waste, natural organic matter in soil, nitrogen fixation and rain (Eby 2004 (Figure 8(a) ) shows that there is no significant correlation between the concentrations of these two ions (r 2 ¼ 0.006), so the calcium source may not be calcite. In contrast, there is good correlation between Ca 2þ and SO 4 2À concentrations (Figure 8(b) ) and the results from most samples are close to the equiline, so the calcium source may be gypsum. The high correlation between SO 4 2À and Mg 2þ concentrations (r 2 ¼ 0.98; Figure 8 (c)) shows that some magnesium and sulfate may be derived from the weathering of a magnesium-bearing sulfate mineral. In general, high SO 4 2À concentrations may be derived from weathering of sulfide or sulfate minerals (Stallard & Edmond 1987; Jalali 2010 ). It is very important to point out that although river water quality may vary through the seasons and, usually to a lesser extent, from one year to the next, the facts that the samples were taken during the longest and driest season of the year and that they are often suitable for drinking and irrigation purposes, shows that Maroon River water is likely to be suitable for such uses in other seasons, too.
SUMMARY AND CONCLUSIONS
The This is in line with the geology of the area and the presence of nitrate in the river water can be attributed to human activity.
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